Argininosuccinate synthetase mRNA and activity are induced by immunostimulants in vascular smooth muscle. Role in the regeneration or arginine for nitric oxide synthesis.
Nitric oxide synthase produces NO, citrulline, water, and NADP at the expense of arginine, NADPH, and dioxygen. While citrulline has been considered to be an inert by-product of the high output inducible isoform of NO synthase (iNOS), we show here that immunostimulants induce a metabolic pathway in vascular smooth muscle cells, which enables them to regenerate arginine from citrulline. Regeneration of arginine from citrulline is accomplished by two urea cycle enzymes: arginino-succinate synthetase (AS) and argininosuccinate lyase (AL). Whereas AL is constitutive to vascular smooth muscle cells, AS mRNA and enzyme activity is markedly induced in cells by treatment with bacterial lipopolysaccharide (LPS). The induction of AS mRNA and activity by LPS follows a time course which mirrors that for iNOS but lags 1-2 h behind. As shown for iNOS, interferon-gamma does not itself induce AS but is synergistic with LPS. AS induction is suppressed by glucocorticoids, actinomycin D, and, to a lesser extent, cycloheximide. On the other hand, AS induction is unaffected by an excess of citrulline or the inhibitor of iNOS, N omega-methyl-L-arginine. Our results show the urea cycle enzymes AS and AL confer cells with the capacity to produce NO without a need for exogenous arginine. In conjunction with NOS, citric acid cycle enzymes that covert fumarate to oxaloacetate (fumarase and malate dehydrogenase) and oxaloacetate to aspartate (aspartate transaminase), AS and AL form a novel arginine-citrulline cycle that enables high output NO production by cells.